Ross River viruses) and flaviviruses were formerly conby using a combination of cryoelectron microscopy and sidered genera within the togavirus family because of fitting of the known structure of glycoprotein E into their similar structural organization. However, they differ the electron density map. The virus core, within a lipid in gene order and replication strategy and are now clasbilayer, has a less-ordered structure than the external, 
try. This was readily justified by the convergence of per icosahedral asymmetric unit. A radially averaged density distribution ( Figure 1B ) of the cryoEM reconstable values for angles defining particle orientations, acceptable correlation coefficients, and the good agreestruction shows that the density can be divided into a series of spherical shells. The highest density occurs in ment between reconstructions of two independent data sets to at least 24 Å resolution.
the outermost shell between radii of 220 and 245 Å , and this density is consistent with the known atomic The external, 250 Å radius of dengue virus was found to be consistent with earlier measurements of flavivistructure of TBEV E glycoprotein (see below Internal to the putative lipid region is the nucleocapsid crystallographic structure has been determined (Rey et al., 1995) . In the absence of any guidance from quasishell situated between radii of 105 and 135 Å . The density in the nucleocapsid shell has distinct globular feasymmetry ( Figures 1A and 3A) , a quantitative technique was used for comparing different fits of the E glycoprotures representing the core protein subunits (Figure 2A) . However, unlike the alphaviruses, which have a distinct tein dimer X-ray structure into the dengue cryoEM map by using the EMfit program (Rossmann, 2000; see Exnucleocapsid (Paredes et al., 1993; Cheng et al., 1995) , the maximum height of the density of the dengue nucleoperimental Procedures). The procedure consisted of fitting the dimers, one at a time, until essentially all the capsid shell is only 50% of that of the external glycoprotein. This suggests that the core protein is poorly orhigher density features were occupied. The first set of dimers was found to be on the icosahedral 2-fold axes dered or that the orientation of the core as a whole is somewhat variable relative to the external glycoprotein (Table 1) , whereas the second set was positioned on quasi-2-fold axes (Table 2) . Thus, three monomers were scaffold. In alphaviruses, the core obtains its icosahedral symmetry from the external glycoprotein scaffold placed into an icosahedral asymmetric unit. , 1996) . Such a specific interaction has not virus structure ( Figure 3C ) has sets of three, nearly parallel dimers. These sets associate to form a "herringbone" been demonstrated for flaviviruses. Although the size of the nucleocapsid is substantially smaller than the configuration on the viral surface. This arrangement markedly differs from a true T ϭ 3 structure because 150 Å radius observed for many T ϭ 3 virus capsids (Baker et al., 1999), the protein shell is significantly thinthe dimers on the icosahedral 2-fold axes do not have a quasi-3-fold relationship to the dimers on the quasiner than the usual ‫54ف‬ Å seen, for instance, in picornaviruses. This is, in part, the consequence of the molecular 2-fold axes. The environment of the dimers on the icosahedral 2-fold axes is totally different from the environweight of the dengue virus core protein being only onethird of the molecular weight of the picornavirus capsid ment of the dimers on the quasi-2-fold axes. This could have significant consequences for nonsymmetric bindprotein. The cage-like structure of the core and its reduced order provide enough space for the RNA genome, ing of cellular receptors and antibodies. The three nearly parallel dimers form a dominant association with each which may extend to the outer radius of the core (see other that supersedes the interactions between individual monomers in the assembled icosahedral particle ( Figure 3C ). Should the close association between the three dimers within each set be weakened (for instance, by lowering the pH), then there would be a tendency to produce a T ϭ 3 structure in which every monomer has an equivalent environment.
It Abbreviations are as in Table 1 . The dimer 2-fold was placed radially passing through the point cent (x, y, z). D1, D2, D3 refer to the fits of the three domains in the first monomer, and D4, D5, D6 refer to the domain fits in the second monomer. These are at quasiequivalent positions in the map and have nonequivalent environments. the lower density of packing of the lipids in the bilayer could result dium. Cells were infected at low multiplicity ‫)1.0ف(‬ and maintained at in a lower buoyant density than calculated. The lipids are assumed 30ЊC. After 48 hr, the medium was removed, the cells were reseeded to have a density of 0.93 for these calculations, but their effective using fresh medium, and the virus was harvested 72 hr later. Followdensity in flaviviruses may be only half this, as described above, ing clarification, the virus was precipitated with 8% polyethylene which would lead to a calculated density of 1.22 for the virion. glycol 8000, and the resuspended virus was purified by sedimentaDespite the uncertainties in the actual lipid composition of flavivition for 1 hr at 32,000 rpm and 4ЊC in potassium tartrate step gradiruses and uncertainties in the density of their packing, it is clear ents (10%-40% potassium tartrate, 7.5%-30% glycerol). The visible that a lipid bilayer centered at R ϭ 163 Å will accommodate the band of virus was removed with a pipette and concentrated using lipids of the virus. Millipore Centricon centrifuge filters. The resulting virus preparation, in 50 l, had a titer of 2 ϫ 10 10 pfu/ml, which represented a recovery RNA Composition of 50% of the starting infectivity. It was dialyzed against 50 mM For rhinoviruses (Rossmann et al., 1985) , the RNA occurs inside Tris (pH 7.6), 75 mM NaCl, 1 mM EDTA, using microdialysis discs. roughly a 106 Å radius. The rhinovirus genome is about 7.8 kb, and Although preparations of dengue-2 from mosquito cells are often the flavivirus genome is about 10.7 kb. Thus (making the worst reported to contain large amounts of uncleaved prM, our preparapossible assumption that the rhinovirus RNA completely fills the tions contained little or no prM as determined by gel electrophoresis internal cavity, which it does not), the flavivirus RNA radius would followed by staining with Coomassie Brilliant Blue (data not shown).
have and 3A) , a quantitative technique was used for comparing different paring suitable amounts of purified flavivirions for analysis, and more modern analyses would be useful. If the lipid content is 17%, which fits of the E glycoprotein structure into the dengue cryoEM map by using the EMfit program (Rossmann, 2000) . In the first step, the appears to be the most reliable estimate reported in the literature, the flavivirus virion would contain 3. (Table 1A) (Figures 2A and 2B) . tion of a soluble form from tick-borne encephalitis virus and its crystallization. J. Virol. 65, 5579-5583.
